S.1 Characteristics of model bacterium, Pseudomonas sp. (P62): motility, dispersion, and chemotaxis Translational motility and dispersion. To measure dispersion and motility of Pseudomonas P62, cultures are grown in nutrient broth (Difco BD Cat. No. 234000) with varying additional salinities of 0, 10 and 25 parts per thousand (ppt). Cultures are gown on a rotary shaker at 100 rpm and room temperature. Cells were then washed and re-suspended in various media (Table S1) to measure the swimming motility of Pseudomonas (P62) and its effective dispersions. Bacteria trajectories in the quiescent fluid within the microchannel were measured using digital holographic microscopy (DHM) and in-house software 1 . These trajectories are used to measure linear and angular velocity, and dispersion rate. The dispersion coefficients are measured using ensemble averaging of the velocity autocorrelation function, , determined for individual bacteria trajectory (S1) where is time, u is the fluctuation component of bacteria swimming velocity, and the subscript i refers to a direction, x, y or z. Due to the limited spatial extent of essentially all velocity measurement systems, including DHM, the autocorrelation function can be measured only over a finite time. Consequently, Snyder and Lumly 2 have introduced the idea of ensemble averaging of many particle trajectories, each with a finite length. The revised diffusion coefficient, , is thus determined from:
where 〈 〉 denotes ensemble averaging performed over trajectories of the same species. The asymptotic value of , as → ∞, yields the Fickian diffusion coefficient.
Chemotaxis. Pseudomonas P62 chemotaxis (or lack thereof) near a crude oil-water was studied using a straight 200 m deep and 1 cm wide microchannel wherein half of the channel (500 m thick) is crude oil and the other is bacteria culture. This produces a quiescent rectilinear oil-water interface at which DHM is used to measure bacterial swimming trajectories. Figure S2 shows the probability density functions (PDF) of swimming velocities within 300 m of the oil-water interface. Results at 0, 1 and 4 h after exposure to the oil interface are shown. The data indicate that the mean velocities in the culture near the crude oil show no bias towards or away from the interface. Therefore, we conclude that Pseudomonas P62 exhibits no chemotactic behaviors towards crude oil.
S.2 Analysis of flow and hydrodynamic drag

S.2.1 Estimation of momentum budgets.
To estimate the drag on the droplet, we estimate the 2D momentum balance around a droplet. The 2-D momentum balance at the imaging plane (the mid-plane) of the microfluidic channel can be expressed as
where ⃗ is mean flow velocity, ∇ ⃗ is the gradient operator, and are the density and kinematic viscosity of the surrounding fluids respectively. For the flow around a micro droplet with Re << 1 and a steady rising velocity, the unsteady term (1 st term) n Eq. S1 can be neglected. The steady momentum balance can be expressed as the following:
where and are x-(streamwise) and y-(spanwise) components of mean fluid velocity around the droplet. To scale our results later to other droplet size, we express the momentum equation in their dimensionless forms: * * * *
( S 6 )
It is worth to point out that the relative pressure field can be obtained by integrating the above pressure gradient fields: * / * and * / * , but the absolute pressure depends on pressure along the boundary. The magnitude of pressure gradients, * / * * / * , for the first 100 minutes in our kernel experiment (E7 in Table 1 Figure S3 further substantiates our assertion in the main text that a single streamer is too thin and transparent to be visible in the recorded micrograph and can only be identified by the attached cells along the streamer or by superimposed pressure gradients. Shown in Fig. S2B , two streamers can be identified but only by attached bacterial clusters marked by arrows (solid: streamer 1; hollow: streamer 2). For a video of this high speed sequence see Video S5. Figure S3C shows the contours of pressure gradient magnitude contours over the micrograph. It is clear that regions with elevated pressure gradient magnitude indicate unequivocally the locations of those two streamers.
S.2.2 Control volume analysis for estimating drag over a droplet
To estimate the drag force on the droplet from mean velocity measurement, a control volume analysis over x-momentum is performed. A control volume is drawn around the periphery of the velocity field as shown in Fig. S3A . In this 2D schematic, the stationary drop (gray circle) is enclosed by a control region ABCD ( Fig. S3A ) with x-, y-axis and normal vector, ⃗ ⃗ ⃗ where ⃗ , is the unit direction vectors for x-and y-axis. Using the control volume defined in Fig. S3A , the dimensionless steady x-momentum balance across the control region is (for brevity, Einstein index notation is used hereinafter):
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where "•" denotes dot product operator, ⃗ ⃗ * is a dimensionless viscous stress tensor defined by ⃗ ⃗ * ∇ ⃗ * ⃑ * ∇ ⃗ * ⃑ * , * is area of the local control surface and * the total dimensionless drag force on the drop per unit length into the paper. Evaluating every term in Eqn. S7 except for drag over the control surface, and integrating over it, the total drag force can be expressed as * (
Although the pressure gradients are well resolved, absolute pressure distribution over the entire control volume is difficult to determine and depends on pressure on the boundary. However, since the relative pressure is only needed along the boundary, pressure gradients can then be integrated along the boundary, ABCD. Integration is performed using first order forward/backward finite differences. From two corners of the control volume, the resolved pressure gradient field is integrated in both clockwise and counterclockwise direction along ABCD. The resulting pressure profiles from both directions beginning at both points are averaged to produce pressure distributions along boundary A and C, * and * , where the subscript "A" and "C" describe the specific boundary. Examples of the velocity, pressure and stress profiles (i.e. momentum balance (S11)
The mean and standard deviation of are plotted as symbols and error bars in Fig. 6 .
S.3 Discussion on the implications of increased drag on the fate of the deep-sea plume
S.3.1 Rising velocity of a crude oil droplet without and with trailing streamers
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Owing to the density of crude oil (taken as 900 kg m ) being less than water, a spherical crude oil droplet will rise due to buoyancy in the water column. The equation of motion of a drop rising through a fluid is described as:
,
where is the volume of the drop and is the drag force on the drop. The left-handside (LHS) term is the rate of change of momentum including the added mass, , due to acceleration of the drop; and the right hand side (RHS) of Eqn. S10 contains the buoyancy (1 st term) and drag (2 nd term). As the drop reaches its terminal velocity, the LHS vanishes and 1 . We make the reasonable assumption that the droplet rises approximately like a solid sphere. For a solid sphere rising with ≲ 0.5 the drag will follow closely to Stokes drag another, it will become neutrally or even negatively buoyant.
S.3.2 Implications of increased residence times of oil droplets
Streamers by bacteria on a rising oil droplet will reduce its velocity and subsequently increase its residence time in the deep-sea plume. As a result processes such as Marine Oil Snow (MOS) formation can readily occur in situ in the deep-sea plume where a microbial bloom has been reported [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . This MOS can trap oil in the plume region for extended times leading to enhanced S8 biodegradation as well as cause the oil to sink to the sea floor as sediment which is corroborated by field data [16] [17] [18] [19] [20] [21] . If oil droplets from the deep-sea plume are the source of sedimenting oil and are subject to enhanced degradation, it would be expected that indicators of biodegradation such as n-C17:pristane ratios 22 should indicate enhanced degradation below the plume.
To test this hypothesis we use the BP Gulf Science Data inventory of water chemistry data from the Natural Resource Damage Assessment (NRDA) and Response (file WaterChemistry_W-01v02-01.csv). The extensive database was filtered with the following criteria. Only samples taken between May 11, 2010 and June 3, 2010 (last day before start of partial capture with Top Hat #4)
were considered for this quick analysis. Then only samples with both measurable n-heptadecane (n-C17) and pristane (Pr) were collected. The n-C17 : Pr ratios and their x-y-z coordinates were then readily obtained to determine their depth and distance from the wellhead (longitude -88.3667, latitude 28.7396). The ratios are compared to the reported Macondo reservoir n-C17:Pr ratio which is 1.71 23 . Then, the fraction of n-C17 apparently degraded relative to the reference Macondo reservoir is determined by
where the subscript "WC" stands for "water column". For conciseness, we use the symbol to represent the relative degree of degradation.
Plots of are shown in Fig. S5 versus both depth below the sea surface (vertical axis) and distance from the wellhead (horizontal axis). Magnitudes of are indicated by the colors according to the color bar, and markers size increases with increasing for clarity. Assuming These low values suggest plume droplets have resided in the water column for relatively short times. Less than 5 km from the wellhead, larger degradation ( 0.3) is seen both above and below the plume. Here droplet transport may be from the plume upwards, from the plume downwards, and/or from the surface oil slicks downwards. However, >5 km from the wellhead, larger are primarily within or below the plume (shaded oval in Fig. S5 ). This suggests droplet S9 transport is primarily from the plume downward i.e. plume droplets >5 km from the wellhead underwent enhanced degradation and sedimentation. This anecdotal evidence from the field data provides additional plausibility for the mechanism of bacteria forming drag-increasing streamers directly on oil droplets in the deep-sea plume in the aftermath of the Deepwater Horizon oil spill, causing them to drastically increase their residence times in the water column and even sink to the sea floor as sediment.
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Video Legends
Video S1. A video of the oil drop from Fig. 2 (Table 1) Video S4. A sample high speed sequence recorded at the rate of 1000 fps for the experiment shown in Fig. 3-5 to assess streamers' hydrodynamic impact is shown at Δ 30 min after initial exposure to bacteria ( Fig. 3C and 4B ). Playback is 30X slowed down. Three green arrows on the left side of the rear of the drop indicate bacterial clusters trapped in a single streamer. A second streamer (not indicated) can be observed to the right of the indicated streamer. Marker sizes additional increase with increasing degree of degradation. S18 
